Abstract
INTRODUCTION
Lung cancer, one of the most common causes of cancer deaths worldwide, is responsible for more than 1.4 million deaths annually [1] . The overall prognosis is still poor: Only 15% of patients survive 5 years after diagnosis [2] . The poor outcome is attributable mainly to the aggressive, heterogeneous nature of the disease and to the lack of early warning signs of the silently progressing tumour. Almost 80% of patients present with their first symptoms at a late stage of the disease and therefore have a reduced chance of complete cure and a lower survival rate [3] . This attribute of lung cancer fundamentally hinders the intention to cure, enabling only slight progress in recent decades despite the definite progress in oncopulmonological and surgical treatments [4, 5] . Improvement in the early detection of the disease in asymptomatic patients is the goal of wide population-based computed tomographic screening programs [6, 7] . Detection at an early stage enables early treatment, resulting in a better chance for cure. Because all of the diagnostic methods are cost effective only if they are applied to patients at risk of developing lung cancer [8] , it is essential to focus on the early, effective selection of the risk group. Risk stratification, the geographical localization of the risk group and the enrolment of individuals in cancer screening programs traditionally need precise coordination from screening centres with high number of professionals and activists [9] . Even so, the enrolment yield of the commonly used recruitment methods involved in lung cancer screening programs is below 5%, resulting in higher costs of saved lives even with the increased efforts in several areas as shown in the National Lung Screening Trial study [9] . The existing screening programs have to rely on the passive selection of the risk group individuals, making bilateral communication a challenge. However, active participation of the population has proven to be beneficial in early cancer detection [10] . Several studies have proved that the use of webbased communication and questionnaires represents a major aid in increasing the numbers of participants, accompanied by a parallel decrease in the recruitment cost [11] . The web permits not only the spread of health care information to the selected population but represents an excellent area to build social awareness groups that can effectively interface with traditional health care providers. The worldwide popular internet-based telecommunication devices (smartphones and tablets) have the capability of a personal computer with permanent internet access, GPS connection and advanced hardware functions to run specific software applications. Often used as an electronic personal assistant, a smartphone has the potential to build a bilateral communication path for health awareness applications with the possibility of easy involvement of individuals in health care programs plus exact localization through the GPS coordinates of their devices [12] . Our aim was to construct a personalized lung cancer risk assessment smartphone application for individual testing for endangerment, with the possibility for geographic localization of the risk group, and to implement a navigation tool that could lead the high-risk individuals to a local health care provider for further medical assistance.
MATERIALS AND METHODS
We constructed and launched a novel smartphone application (app) (LungScreen) to enhance awareness and to provide personal risk assessment for lung cancer in 2014. Optimized for the two most prevalent mobile platforms (Android, iOS), the app can be freely downloaded from the two mobile stores of the platforms (Google Play and Apple Store). It can be used on a wide range of smartphones and tablets with Android (version 2.4 or higher) and Apple (iOS 6.0 or higher) operating systems. It is supervised by the Hungarian National Authority for Data Protection and Freedom of Information (NAIH-85850/2015) and currently is available in 8 languages; it offers parameters, commands and tutorials in Hungarian, Spanish, English, German, Italian, Romanian, Slovenian and Chinese.
The app has 3 modules. After a short introduction, the main module lets users calculate their lung cancer risk by completing an 11-question test with an easy-to-follow graphic screen. Users have to enter interactively their gender, age and tobacco use (yes/no, duration, quitting and passive smoking); family history of lung cancer; and possible occupational harms (asbestos and urban environment). The questions and the possible answers are shown in Table 1 . The app immediately calculates lung cancer risk using these parameters and shows the result of the calculation (low, moderate and high risk) and colours for each risk level (green, yellow and red, respectively). The app is based on the slightly modified lung cancer prediction algorithm of Bach [13] .
The second module explains the result and suggests individual actions and specific recommendations for reducing risk, if necessary. The screen shows the most common symptoms of lung cancer that need urgent medical attention. The app can also predict the risk in 10 and 20 years by adding the years of exposure to harmful substances if they are present.
Once the user knows his or her risk group, the third module suggests actions to take. For the high-risk group, the application proposes further medical investigation and the urgent need to stop smoking if the person is currently a smoker. The app accesses the GPS coordinates of the mobile device and provides prompt navigation directions to the nearest screening centre registered in the app's database. At present, all of the 221 Hungarian Certified Lung Treatment Centres, the 427 Lung Cancer Alliance Screening Centers of Excellence in the USA, and 41 Certified Lung Cancer Centres of Germany (Deutsche Krebsgesellschaft) are included in the database. The app automatically offers the nearest centre, but the user can freely choose from the database individually. After the person receives a moderate or high-risk classification, the app reminds the person 2 weeks later about the need for a medical check-up. The server computer enables an unlimited number of languages and screening centres; the centres are highlighted on the integrated map of the app.
All of the answers, including the GPS coordinates of the persons completing the test, are automatically but anonymously recorded by a collection server database for further analysis. The same person can repeat the risk assessment test an unrestricted number of times for a self-test at different times or one can test other persons as a health care advocate. The app was pretested by a group of users in various situations to assure the accuracy of the transferred data and to test the other app functions. It was introduced to the public in November 2014 via social media (Facebook and Twitter) and a lung cancer awareness website (Lungscreen.hu) that regularly provides information about lung cancer.
RESULTS
Since the launch of the application, it has been downloaded from both stores by more than 13 890 users in 23 different countries: 28.10% (3670/13 058) from the Apple Store and 71.90% (9388/13 058) from the Google Play Store. The number of completed tests exceeded 89 500 (August 2016), corresponding to about 7 test completions per download. According to the GPS coordinates, the users of the app were present on all 6 continents, with the highest number in Europe occurring in countries having the native language versions of the app (61.37% Europe, 19.18% Asia, 12.55% America and 6.9% from other continents) (Fig. 1) .
The mean age of the test persons was 36.91 years (9-93 years); a majority were men (59.21% men-40.79% women) living in an urban area (62.3%). The test was completed by 38 850 active smokers (43%) and 26 710 persons (29.84%), who reported having already quit smoking, resulting in 30 072 moderate and 10740 high risk persons, representing 12% of all tests (Fig. 2) . The mean age of the high-risk persons was 57.01 years, predominantly among the male participants (62.35%). The group had an average smoking duration of 34.74 years instead of the 17.01 years found in the overall results. The reported ratio of active smokers was 81.29% in this group; this proportion was 43.40% among the total number of people completing the test. The results of all of the test completers and the high-risk group are summarized in Table 2 . A total of 82% of all tested smokers admitted to smoking more than 5 cigarettes a day, and 29% of the participants reported to be affected by passive smoking. A total of 7.1% of all completers reported at least one lung cancer patient among their ancestors; 2 187 reported having more than one. In Hungary and Romania the app had the most downloads among health care applications of the main app stores for several weeks. Social and traditional media showed great interest in the app. A few television and radio broadcasts helped spread information about the app.
DISCUSSION
The chance of complete cure or of improvements in survival times for patients with lung cancer is closely tied with early detection of the disease and the immediate start of treatment [5, 14] . With the advances in the oncopulmonological modalities and surgical resection using video and robotic techniques, the face of lung cancer treatment has changed markedly in recent years [15] [16] [17] , but it remains the privilege of less than the 20% of newly diagnosed lung cancer cases.
To extend the operable cases of bronchogenic carcinoma, several studies investigated the effective methods of diagnosis in asymptomatic individuals [18, 19] . Some of the screening programs tested the efficacy of different radiological methods [20] or sputum cytology [21] , molecular biological techniques [22] or a combination. The diagnostic tools have different selection rates but are only effective if they are applied in the lung cancer risk group [8] ; therefore it is important to identify and communicate actively with the identified risk group. The complex task of enrolment can be traditionally organized mainly by direct mailing, mass media and community outreach, or social networking and the internet [11, 23] . The efficacy of enrolment in lung cancer screening programs remains between 3.7% and 4.5%, with wide differences in cost per enrollee from $21 in the Prostate, Lung, Colorectal, and Ovarian Cancer Screening Trial to $392 in the Beta-Carotene and Retinol Efficacy Trial [24, 25] . On the average, the price of enrolment might even reach the cost of a low-dose computed tomographical examination, which ranges from $60 to $372, depending on the centres and the modality [26, 27] . On the other hand, the process of recruitment needs the geographical localisation of the persons who are likely to be eligible and interested in screening. This process should be managed by recruitment activists and the coordinators of the screening program on their experiences or on previously performed epidemiological studies, but a subsequent data set is usually not available.
Mobile technology can provide a complex path for dialogue that allows active participation of parties on both ends and the possibility of the dynamic formation of a structured network. Smartphones, which combine the hardware capabilities of a personal computer with permanent internet access, have more than 2.09 billion subscribers worldwide. The use of mobile technology for health-seeking information is high: The 31% of smartphone owners who use the device to search for health information comprise a critical component of mobile health, a general term for the use of mobile phones and other wireless technology in medical care to provide educational resources, decision-making tools and social support [28] .
The mobile application we constructed takes advantage of the internet-based ability of smartphones to combine lung cancer risk assessment with lung cancer health awareness information. The ability to localize the affected population based on their GPS-determined position permits the direct navigation of the risk group to nearby screening centres registered in the database. During a pilot study, we accumulated almost 90 000 test completions in a relatively short time, which highlights the fact that the population is open to this new communication path, thereby offering everyone with a smartphone the opportunity of self-risk assessment. The high percentage of participating smokers in our study further proves the need for a personalized risk management system that can give their risk classification and provide information about further medical assistance. We used the already validated lung cancer risk prediction tool of Bach et al. [13] , slightly modified for use with a smartphone app, to create welldesigned selection criteria for further use. The application of mobile phone technology to an active feedback system from the participating screening centres provides a unique opportunity to influence the base algorithm of the application, involving the GPS positioning, locally. The flexible test questionnaire also permits possible expansion to test for modified risk factors in a large population.
The freely downloadable application theoretically could reach 97.4% of smartphone users via the 2 mobile platforms, which are unrestricted in their reach, even among peripheral or marginal populations. We also integrated a prediction tool into the app to postulate what might happen to the test person in 10 or 20 years, given the same life circumstances. This feature targets young users, who can use the app to see the ramifications of their current, possibly unhealthy lifestyle and determine how they can change to avoid further health impairment. We were not surprised by the mean age of the test users, because it reflects the mean age of smartphone users worldwide, but we felt that the mean of 7 test completions per download could indicate that the downloaders used the application among other persons.
The official guidelines of the American Thoracic Society/ American College of Chest Physicians continue to recommend the use of low-dose computed tomography for lung cancer screening programs for patients aged 55-74 years who smoked within the past 15 years, with at least 30 pack-years total, without severe comorbidities that limit life expectancy [29] . According to the results of our tests, the average age at the risk assessment was 36.91 years, but the selected high-risk group had a mean age of 57.01 years, which corresponds to the age range suggested by the American College of Chest Physicians guidelines. The smoking habits of this group indicated that 81.29% were active smokers and 12.25% had stopped smoking within the last 15 years. Altogether the group comprised 93.54% individuals who were smokers or former smokers and 6.4% of never smokers who had other risk factors. According to the age range and the smoking habits of the high-risk group, nearly all of the individuals suggested for screening met the American College of Chest Physicians criteria. A total of 694 test completers were deemed to be high risk even though they did not have a history of smoking. In the largest screening trials, light smokers and never smokers were not eligible for low-dose computed tomograhic screening because they were assumed to have too low a risk for lung cancer. Nevertheless, as shown in recent studies, these individuals could have a risk similar to that of smokers [30] , especially those in the Asian female population. Although the main goal of the present study was the implementation of a novel communication path for screening recruitment using an existing risk assessment algorithm rather than developing a new one, the risk classification of never smokers might increase in parallel with the recently reported growing number of never smokers.
The anonymous tests were saved in a database of almost 1 million answered questions in which the risk factor corresponded individually to the GPS coordinates of each test. The information in the database can then be projected onto a geographic map where every aspect of the database can be mixed and matched and then connected to appropriate health centres via GPS localization. The interested and affected population can be localized and visualized, and the information can be used to aid in planning a lung cancer screening program. Lowering the cost of recruitment by using the smartphone app can be an effective tool to focus on the diagnostic workup only in a planned screening set.
The app represents a new communication tool developed in response to the need for personalized health care that also takes advantage of widespread smartphone use. It can be used in daily practice also by physicians, nurses and general practitioners, especially at the first level of care. With a connection to a local screening centre, the app could be welded into the traditional health care system and provide new ways to reach asymptomatic or symptomatic individuals at high risk for lung cancer. Professional societies, associations of lung cancer patients and social media could also use it as a venue for providing health care information designed to recruit individuals into screening programs.
Further research is needed to evaluate the tool's applicability and acceptance and to measure the impact of this type of initiative on eHealth, with a view to improving health practices, empowering users and, ultimately, achieving better clinical outcomes.
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